INTRODUCTION
Obesity increases the likelihood of OSA; approximately 70% of individuals with OSA are obese. 4 In turn, patients with OSA are predisposed to weight gain, suggesting that there is a bidirectional relationship between obesity and OSA. 16 Obesity also has been implicated in anatomic alterations that predispose patients to upper airway obstruction and reduced neuromuscular control of the air passages during sleep. 17, 18 It has been demonstrated that OSA in overweight/obese patients can be ameliorated with significant weight loss, whether achieved by lifestyle modification, medication, or bariatric surgery. Recent studies have demonstrated improvements in weight and OSA symptoms in this population by treating OSA with intensive follow-up and low-energy diets. [19] [20] [21] Furthermore, weight loss improves both objective parameters and patient-reported symptoms of OSA. 19, [22] [23] [24] [25] However, few patients are able to achieve adequate weight loss with lifestyle changes alone, the first intervention typically recommended. 26 The combination of phentermine 15 mg plus extended-release topiramate 92 mg is an investigational, once-daily oral therapy being developed to enhance weight loss in conjunction with lifestyle changes that could improve weight-related conditions, such as OSA. 19, 27 Downloaded from https://academic.oup.com/sleep/article-abstract/35/11/1529/2559044/A-Randomized-Double-Blind-Placebo-Controlled-Study by guest on 16 September 2017 Phentermine hydrochloride is a US Food and Drug Administration (FDA)-approved synthetic sympathomimetic amine, approved as monotherapy (37.5 mg/day) for short-term (a few weeks) treatment of obesity. 28 The mechanism of action of phentermine is both qualitatively and quantitatively different from other stimulants, which typically increase blood pressure and heart rate, or serotonergic drugs such as fenfluramine that cause valvulopathy/pulmonary hypertension disorders. [29] [30] [31] [32] [33] [34] Topiramate, a sulfamate-substituted monosaccharide approved by the FDA for the treatment of epilepsy (200-400 mg/ day) and for the prophylaxis of migraine headaches (100 mg/ day), is known to block voltage-dependent sodium channels, augment the activity of the neurotransmitter γ-aminobutyrate (GABA) at some subtypes of the GABA-A receptor, and antagonize the kainite subtype of the glutamate receptor. 35 Although not currently approved for the treatment of obesity, topiramate has been shown to promote weight loss in obese individuals. [36] [37] [38] [39] [40] In addition, topiramate is a known inhibitor of carbonic anhydrase activity, similar to acetazolamide.
The investigational combination therapy, phentermine 15 mg plus extended-release topiramate 92 mg, has previously demonstrated weight loss in excess of 10% of body weight in obese individuals with weight-related comorbidities after 56 weeks of treatment 27 and was sustained through 108 weeks. 41 This magnitude of weight loss has been demonstrated to be sufficient to achieve measurable improvement in OSA. 19 The objectives of this study were to evaluate the safety and efficacy of phentermine 15 mg plus extended-release topiramate 92 mg compared with placebo for the treatment of OSA in obese adults with moderate to severe OSA and to assess the relative contributions of weight loss at Week 28 to reductions in OSA symptoms.
MATERIALS AND METHODS

Study Design
This single-center (Kentucky Research Group), prospective, double-blind, placebo-controlled, parallel-group study randomized eligible subjects to receive placebo or phentermine 15 mg plus extended-release topiramate 92 mg once daily in the morning for 28 weeks (Figure 1 ). Subjects were randomized to study treatment via a computer-generated table that assigned subjects to treatments arms with equal probability. Both groups also received standardized lifestyle modification counseling (the LEARN program, a clinically proven behavioral weight loss and management program). 42 Eligible subjects were 30-65 years of age with a body mass index (BMI) between 30 kg/m 2 and 40 kg/m 2 , a diagnosis of moderate to severe OSA syndrome, and an apnea-hypopnea index (AHI) ≥ 15 at baseline (measured via overnight polysomnography [PSG] ) and were unwilling or unable to comply with PAP treatment (defined as > 4 h/night, 70% of the time). Subjects were not eligible if they had a sleep disorder other than OSA syndrome, periodic limb movement arousal index > 10, uncontrolled or poorly controlled blood pressure (systolic > 160 mm Hg or diastolic > 100 mm Hg), or the presence or history of unstable angina, heart failure, cardiac valvulopathy, myocardial infarction, potentially life-threatening cardiac arrhythmia, or clinically significant abnormality on electrocardiogram.
Subjects were screened at Visit 1, and eligible participants were scheduled for baseline overnight PSG (Visit 2). Immediately following the overnight PSG at Visit 2, which provided the baseline AHI value, qualified subjects were randomized 1:1 to receive oral phentermine 15 mg plus extended-release topiramate 92 mg or placebo, both of which were titrated over the first 4 weeks of treatment in increments of phentermine 3.75 mg plus topiramate 23 mg as tolerated, with each step in the titration lasting 1 week until maximum dosage was reached. Subjects then received an additional 24 weeks of treatment for a total treatment period of 28 weeks. Study visits were conducted at Weeks 4, 8, 12, 16, 20, 24, and 28 . Overnight assessments of OSA, including PSG, laboratory testing, and quality-of-life surveys, were performed at baseline, Week 8, and Week 28 (or upon early withdrawal).
Prior to randomization, subjects were counseled on reducing their caloric intake by 500 kcal/day and on the importance of light daily exercise. Subjects completed a 24-h dietary recall at their randomization visit, and this information was used for discussions related to recommended dietary modification. Subjects were advised to initiate lifestyle interventions using the LEARN Program. 41 Each subject was provided with a LEARN manual and advised to read and implement the material as appropriate to their individual situation. Subjects were also given pedometers and counseled to increase their step count as a form of their light daily exercise. Site personnel were encouraged to discuss these materials with subjects at their regularly scheduled visits; however, no data were collected to document the level of compliance with the program's dietary, lifestyle, and/or exercise recommendations. This study was conducted between August 2008 and September 2009 and was approved by an institutional review board. All subjects provided written informed consent for participation in the study. This trial is registered with ClinicalTrials.gov, number NCT00745251.
Study Assessments
The primary efficacy endpoint was the change in AHI between baseline, Week 8, and Week 28 or early withdrawal. An AHI score of 5-14 is considered mild, 15-29 is considered moderate, and ≥ 30 is considered severe. Secondary endpoints included changes in additional OSA parameters, such as respiratory disturbance index (RDI), apnea index, hypopnea index, desaturation index, mean overnight oxygen saturation, overnight minimum oxygen saturation, and arousal index (sleep quality defined as the number of arousals from REM and NREM sleep per hour). Subjectreported outcomes were also assessed, including the Pittsburgh Sleep Quality Index (PSQI), Epworth Daytime Sleepiness Scale (ESS), and 36-item Short-Form Health Survey (SF-36) scores. The PSQI is a subjective, self-administered questionnaire used to assess the quality and patterns of sleep in older adults. 43 The ESS is a subjective, self-administered, 8-question tool to assess excessive daytime sleepiness and is also used to differentiate between average and significant issues with sleepiness that require intervention. 44, 45 The SF-36 questionnaire is a 36-item, self-administered health-related quality-of-life questionnaire designed to evaluate functional health and well-being. 46 Additional secondary endpoints included changes in cardiometabolic risk factors: blood pressure, heart rate, lipid profile (total cholesterol, low-density lipoprotein [LDL] cholesterol, high-density lipoprotein [HDL] cholesterol, and triglycerides), and glycemic variables (fasting insulin, fasting glucose, and insulin resistance based on homeostasis model of assessmentinsulin resistance [HOMA-IR]). Percent weight loss and the percentage of subjects achieving ≥ 5% and 10% weight loss were also assessed as secondary endpoints.
Safety endpoints included laboratory parameters, electrocardiogram, physical examination, and reports of adverse events. Adverse events were assessed throughout the study and were coded using the Medical Dictionary for Regulatory Activities, version 10.1. Treatment-emergent adverse events (TEAE) were defined as adverse events that started on or after the first dose and up to 28 days after the last dose of study drug.
Statistical Methods
The sample size was based on the expected effect on AHI. With 21 subjects per arm, this study had 80% power to detect a mean difference of a 10-point reduction in AHI from baseline (Visit 2) between the 2 treatment groups by a 2-tailed t-test at 5% type I error and an assumed standard deviation of 11.
The randomized set included all subjects randomized to treatment and was used to summarize demographic and baseline variables. The safety set included all randomized subjects who received at least 1 dose of study medication. All safety analyses were conducted based on the safety set. The intent-totreat (ITT) set included all randomized subjects who received ≥ 1 dose of study medication, had a baseline efficacy measurement, and ≥ 1 post-baseline efficacy assessment. The ITT set was used for the primary and secondary efficacy analysis.
Analysis of the primary efficacy variable, the change in AHI between baseline (Visit 2) and Week 8 (Visit 5) and between baseline and Week 28 or early withdrawal (Visit 10) with last observation carried forward (LOCF), was accomplished using an analysis of covariance (ANCOVA) model, with treatment groups as the main effect and baseline body weight as the covariate. The least-squares (LS) means and corresponding standard errors were presented for the within-group AHI change for each treatment group. For the between-treatment group comparison, the difference in LS means, corresponding standard error, 95% confidence interval, and 1-sided P value were also derived from this ANCOVA model and presented. The normality assumption of the efficacy data was examined prior to fitting the ANCOVA models to ensure that normality was observed. The same statistical methodology described above for the analysis of the primary efficacy variable was performed for secondary variables. Analyses of percentage of categorical weight loss were conducted using a logistic regression model with treatment as the fixed effect and baseline body weight as a covariate. For the betweentreatment group comparison, the estimated odds ratio, standard error, 2-sided 95% confidence interval, and 2-sided P value for treatment comparison were to be presented.
To assess the effect of dropout on the robustness of the conclusions from the prespecified LOCF results, several sensitivity analyses were performed including baseline observation carried forward (BOCF), completers only, and multiple imputation. For BOCF, for subject who did not complete 28 weeks of treatment, the baseline value was carried forward and imputed as the Week 28 result. The completers analysis was performed on subjects who completed the entire 28 weeks of treatment. In addition, the multiple imputation approach used all observed data and treatment assignment to impute missing observations for subjects who discontinued prior to Week 28. For all 3 analyses, the ANCOVA model described above was applied to the imputed datasets (Supplemental Table S1 ).
RESULTS
Baseline Demographics
In total, 92 subjects were screened and 45 were randomized. Of the 47 subjects who were not enrolled, 45 subjects did not meet the entry inclusion/exclusion criteria, 1 subject withdrew consent, and 1 subject was lost to follow-up prior to randomization. Five subjects did not complete the study, including 3 subjects who discontinued due to adverse events (2 in the phentermine 15 mg plus extended-release topiramate 92 mg group [nephrolithiasis and irritability] and 1 in the placebo group [cerebrovascular accident]) and 2 subjects who withdrew consent (1 in the phentermine 15 mg plus extended-release topiramate 92 mg group and 1 in the placebo group; Figure 2 ). Baseline demographics and OSA parameters were well balanced across the treatment arms (Table 1 and Table 2 ).
Apnea/Hypopnea Index
The change from baseline in AHI, the primary endpoint, significantly favored the phentermine 15 mg plus extended-release topiramate 92 mg treatment group at Week 8 (P = 0.0009) and Week 28 (LOCF; P = 0.0084; Figure 3 ; Table 3 ). The placeboadjusted LS mean change in AHI at Week 8 was -16.4 (1-sid-ed 95% CI: -∞, -8.14; P = 0.0009) and at Week 28 was -14.9 (LOCF; 1-sided 95% CI: -∞ , -4.84; P = 0.0084). The number of apnea-hypopnea events in the phentermine 15 mg plus extended-release topiramate 92 mg group was reduced from a mean of 44 events/h of sleep at baseline (severe) to 14 events/h of sleep at Week 28 (mild), as compared with the placebo group, which experienced a reduction from 45 (severe) to 27 (moderate) events/h of sleep (LOCF). At Week 8, the AHI was decreased to < 15 (mild) in 11 (50.0%) phentermine 15 mg plus extended-release topiramate 92 mg-treated subjects and 7 (30.4%) placebotreated subjects, and to < 5 (no apnea) in 3 (13.6%) phentermine 15 mg plus extended-release topiramate 92 mg-treated subjects vs 1 (4.3%) placebo-treated subject. In addition, at Week 28, more subjects in the phentermine 15 mg plus extended-release topiramate 92 mg group with a severe AHI (> 45) at baseline achieved an AHI < 5 by Week 28 than those receiving placebo (5 [23.8%] vs 0%, respectively; LOCF).
Weight Loss and Correlation between Improvements in Weight and Apnea/Hypopnea Index
At Week 8, absolute mean weight loss was greater in the phentermine 15 mg plus extended-release topiramate 92 mg group than in the placebo group (-5.9 kg vs -2.4 kg, respectively). This trend continued at Week 28, with the phentermine 15 mg plus extended-release topiramate 92 mg group experiencing a mean weight loss of -10.8 kg, whereas the placebo group experienced a mean weight loss of -4.7 kg (LOCF analysis; Table 3 ). The placebo-adjusted LS mean change for absolute weight loss at Week 8 was -3.6 kg (95% CI: -5.4, -1.8; P = 0.0002) and at Week 28 with LOCF was -6.5 kg (95% CI: -10.0, -3.0; P = 0.0006). At Week 8, the LS mean percent change in weight from baseline was -5.6% in the phentermine 15 mg plus extended-release topiramate 92 mg group and -2.3% in the placebo group (P = 0.0003). By Week 28, the LS mean percent change in weight from baseline was -10.3% in the phentermine 15 mg plus extended-release topiramate 92 mg group and -4.2% in the placebo group (P = 0.0006; Figure 4 , Table 3 ). The placebo-adjusted LS mean change for percent weight loss at Week 8 was -3.3 (95% CI: -5.0, -1.6; P = 0.0003) and at Week 28 was -6.1 (LOCF; 95% CI: -9.4, -2.7; P = 0.0006). At Week 8, 4.8% (n = 1) of the phentermine 15 mg plus extended-release topiramate 92 mg subjects achieved ≥ 10% weight loss compared with 0% (n = 0) of subjects in the placebo group. This increased to 54.5% (n = 12) at Week 28 (LOCF) in the phentermine 15 mg plus extended-release topiramate 92 mg group compared with 13.0% (n = 3) of the placebo group (P = 0.0044). A significantly higher percentage of subjects achieved ≥ 5% weight loss by Week 8 in the phentermine 15 mg plus extended-release topiramate 92 mg group (52.4% [n = 11]) compared with placebo (19.0% [n = 4]; P = 0.0304). At Week 28, the percent of subjects achieving ≥ 5% weight loss remained higher in the phentermine 15 mg plus extended-release topiramate 92 mg group compared with placebo (72.7% [n = 16] vs 47.8% [n = 11], respectively; P = 0.0846 vs placebo), but this difference was not statistically significant. From baseline to Week 28, a significant positive correlation was found between the percent change in weight and the change in AHI score (n = 43; r = 0.5218; P = 0.0003).
Overnight Polysomnography Endpoints
Analysis of the secondary overnight PSG endpoints revealed changes between baseline and Week 28 for additional OSA parameters ( Figure 5 ). Statistically significant changes favored phentermine 15 mg plus extended-release topiramate 92 mg vs placebo for RDI (P = 0.0137), mean overnight oxygen saturation (P = 0.0140), and hypopnea index (P = 0.0064). Both treatment groups had a similar number of arousals and arousal index score at baseline. By Week 8, both groups experienced a reduction in the arousal index, with a greater decrease observed in the phentermine 15 mg plus extended-release topiramate 92 mg group. By Week 28, the difference between the groups had increased, with LS mean decreases in the number of arousals of 19.5 in the phentermine 15 mg plus extended-release topiramate 92 mg group and 21.2 in the placebo group; however, the difference between the groups was not statistically significant.
Sleep Quality
Secondary analyses of sleep-quality indices ( Figure 6 ) showed a significant difference between phentermine 15 mg plus extended-release topiramate 92 mg and placebo in the mean change in PSQI at Week 28 (P = 0.0419). No significant differences were reported between treatment groups in the ESS evaluation at Week 8 or 28. Overall, there was no significant difference between the treatment groups in SF-36 quality-of-life parameters (Figure 7) , with the exception of the general health perceptions score, which favored the phentermine 15 mg plus extended-release topiramate 92 mg group at Week 28 (P = 0.0103).
Cardiometabolic Risk Factors
Evaluation of cardiometabolic risk factors showed a decrease in blood pressure in both treatment groups, with the difference in systolic blood pressure significantly favoring phentermine 15 mg plus extended-release topiramate 92 mg at Week 28 (P = 0.0431; Table 3 ). Heart rate increased from baseline in both the placebo and phentermine 15 mg plus extended-release topiramate 92 mg arms. LS mean change in heart rate at Week 8 was 6.0 beats per Both treatment groups had mean decreases in total cholesterol, LDL cholesterol, triglycerides, fasting insulin, fasting blood glucose, and insulin resistance index (based on HOMA-IR) at Weeks 8 and 28; however, between-group differences were not significant (Table 3) .
BOCF, study completers, and multiple imputation analyses for all parameters were also conducted (Supplemental Table S1 ). In general, conclusions reached on the LOCF analyses were confirmed by these sensitivity analyses.
Safety Outcomes
Throughout the study, 37 subjects (82.2%) experienced TEAEs, the most common being dry mouth, dysgeusia, and viral gastroenteritis (Table 4) . A higher proportion of subjects in the phentermine 15 mg plus extended-release topiramate 92 mg group experienced TEAEs (n = 20; 90.9%) compared with the placebo group (n = 17; 73.9%). One severe TEAE-severe flank pain, subsequently attributed to nephrolithiasis-occurred in a subject receiving phentermine 15 mg plus extendedrelease topiramate 92 mg. All other TEAEs were mild or moderate in severity. One serious adverse event, a cerebrovascular accident, occurred in the placebo group. Three subjects discontinued the study drug due to adverse events, including 1 subject receiving placebo (cerebrovascular accident) and 2 subjects receiving phentermine 15 mg plus extended-release topiramate 92 mg (irritability, nephrolithiasis).
Chemistry panels performed as part of the predetermined safety analysis revealed that, in general, bicarbonate levels were reduced by a greater extent in the phentermine 15 mg plus extended-release topiramate 92 mg group compared with the placebo group at Week 8 (-1.7 mmol/L vs -0.1 mmol/L, respec- tively). The reductions were not profound, and metabolic acidemia was not reported as an adverse event for any subject.
DISCUSSION
Weight loss, whether achieved by lifestyle modification or medical treatment/surgical intervention, has been shown to improve both objective measures and subjective symptoms of OSA. 19, [22] [23] [24] [25] Phentermine 15 mg plus extended-release topiramate 92 mg, a novel investigational combination therapy, has been shown in large clinical trials to produce significant weight loss as well as improvements in blood pressure, central adiposity, lipid and glycemic profiles, and quality of life. 47 In this study, phentermine 15 mg plus extended-release topiramate 92 mg demonstrated significant improvements in RDI, AHI, mean overnight oxygen saturation, PSQI, weight loss, and systolic blood pressure. These beneficial effects on OSA may have multifactorial origins, including induction of weight loss, changes in serum bicarbonate concentration and pH due to topiramate, 48, 49 and increased daytime wakefulness and improved cognitive performance, potentially due to the activity of phentermine on central arousal. 48, 49 Fatigue, a commonly reported adverse event of topiramate when used for treatment of epilepsy, 36, 37 was not seen in this study. In fact, daytime wakefulness was increased, due to either the mitigating effects of phentermine or the lower dose of topiramate used compared with that used for epilepsy treatment. 49 The relationship between the degree of weight loss and improvement in AHI is of particular interest. In this trial, subjects treated with phentermine 15 mg plus extended-release topiramate 92 mg demonstrated an LS mean weight loss of 10.3% by Week 28, with more than half of the subjects (54.5%) achieving at least 10% weight loss. A positive, statistically significant correlation was demonstrated in the overall study population between the percent change in weight and reduction in AHI score, regardless of treatment allocation. These results are consistent with longitudinal studies demonstrating approximately a 2.6% decrease in AHI for every 1% decrease in weight. 50 Previous studies of phentermine 15 mg plus extended-release topiramate 92 mg in obese adults indicate that a placebo-adjusted weight loss of ≥ 10% of body weight can be achieved after 12 months of treatment and is sustained through 108 weeks. 27, 41 This magnitude of weight loss alone would be expected to result in measurable improvements in symptoms of OSA as well as other metabolic comorbidities.
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First-line treatment of OSA has historically been PAP; however, it is only effective while in use and does not consistently affect underlying pathophysiology of OSA in many patients. 5 Furthermore, its applicability as a long-term therapy is limited by poor patient acceptance and adherence. [5] [6] [7] Although other treatments are available, they are also limited by cost, lack of efficacy, and poor patient compliance (adherence). 53, 54 Surgical procedures, such as mandibular advancement, may offer hope to subjects with an anatomic predisposition to OSA; however, such procedures are significantly more invasive than other available treatments. 55 Success with pharmacologic therapy has been limited. Modafinil, a wakefulness promoter, offers some relief from specific symptoms of OSA (residual daytime sleepiness) but does not address the underlying pathogenesis of the disease. 56 Acetazolamide has also demonstrated some efficacy in central sleep apnea and OSA but in studies with small populations. 57, 58 Until recently, there were few randomized studies specifically evaluating the effect of weight loss on OSA; however, several recent studies indicate that that weight loss can improve or eliminate OSA in a significant number of patients. [19] [20] [21] The Sleep Ahead study in obese patients with diabetes and OSA demonstrated that intensive lifestyle interventions significantly improved AHI over a 1-year period compared with standard of care. 19 In addition, Tuomilehto and colleagues demonstrated that in overweight patients with OSA, implementing very-low calorie diets provided sustained improvement in AHI even during a second year of follow-up. 21 Furthermore, in a study by Johansson and colleagues, 63 patients received a very-low calorie diet for 7 weeks, followed by 2 weeks of a gradual increase to a 1500-kcal diet and then a weight maintenance period (including exercise and lifestyle changes) from Weeks 9-52. At the end of 1 year, 48% were able to discontinue CPAP use. 20 The data in the current analysis further support these findings by demonstrating the effectiveness of phentermine 15 mg plus extended-release topiramate 92 mg for weight loss in obese patients with moderate to severe OSA and improvement in the disease parameters of OSA. The use of phentermine 15 mg plus extended-release topiramate 92 mg may represent a promising alternative to PAP therapy for some obese patients with moderate to severe OSA. In addition, whereas recent studies have used ambulatory sleep monitoring, this study incorporated full overnight polysomnography to measure treatment outcomes and, therefore, allowed for more accurate therapeutic decisions than studies carried out at home. 59 Both obesity and OSA progression are believed to contribute to the development of hypertension and cardiovascular disease, with obesity being an independent risk factor for cardiovascular disease and mortality. 3, 16, 60 The mechanisms by which OSA leads to cardiovascular disease are not fully understood, but it has been hypothesized that the hypoxemia, reoxygenation, hypercapnia, intrathoracic pressure changes, and frequent arousals lead to sympathetic activation and metabolic dysregulation (including obesity and insulin resistance) that, in turn, increase the risk of cardiovascular disease. 12, 16 Although it is unclear where cause and effect lie, reductions in weight and management of OSA both improve cardiovascular disease risk factors. 3, 27, 61 Treatment with phentermine 15 mg plus extended-release topiramate 92 mg combined with lifestyle interventions resulted in greater improvements in cardiometabolic risk factors and sig- 
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Mental health score 0. nificant reductions in weight compared with lifestyle interventions alone, suggesting that, in addition to improving signs and symptoms of OSA, it may be a viable option for addressing the associated cardiovascular risks. Phentermine 15 mg plus extended-release topiramate 92 mg was well tolerated, as evidenced by the absence of serious adverse events in the phentermine 15 mg plus extended-release topiramate 92 mg group and the low incidence of severe TEAEs and discontinuations due to adverse events. The one severe TEAE of flank pain associated with nephrolithiasis occurred in a subject who had a history of nephrolithiasis and who was also receiving hydrochlorothiazide, a combination that increases the risk of kidney stones. The rates of other TEAEs (including headache and paresthesia) were lower than those observed in other trials of phentermine 15 mg plus extended-release topiramate 92 mg in obese subjects, with or without comorbidities. 27 There was an increase seen in mean heart rate with phentermine 15 mg plus extended-release topiramate 92 mg vs placebo, consistent with observations from studies of the combination in obese patients. 27 Interestingly, the normal overnight heart rate decrease was observed in both groups, but a greater decrease was seen in the phentermine 15 mg plus extended-release topiramate 92 mg group at Week 28. The reasons for this are unclear, and no adverse clinical sequelae were observed as a result of these changes. No safety concerns were raised by the results of the clinical laboratory tests (serum chemistry and hematology), vital signs, or depression and suicidality questionnaires. The 1 serious adverse event-a stroke that occurred in a subject receiving placebo-emphasizes the importance of the need for treatment for this disease as there are shared risk factors between OSA and stroke that have led many researchers to suspect a cause-and-effect relationship between the two.
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Limitations
The primary weakness of this study was the limited sample size. A larger group of patients receiving additional doses of phentermine plus extended-release topiramate would have been interesting and added valuable data. In addition, extending this study over a longer period of time may have shown greater treatment benefit and statistical differences in this group of subjects. In addition, the lack of significant difference between groups in desaturation index, minimum overnight oxygen saturation, arousal index, AHI, diastolic blood pressure, and glycemic and lipid parameters may be due to subjects receiving placebo experiencing improvements in these parameters because of weight loss relating to the standardized lifestyle modification counseling (LEARN program) that all subjects received. Lastly, compliance with the lifestyle components of this study could have been more objectively documented, or an aggressive lifestyle intervention could have been used for additional analysis of treatment outcome.
CONCLUSIONS
The findings of this randomized controlled trial demonstrate significant improvements in OSA using phentermine 15 mg plus extended-release topiramate 92 mg combined with lifestyle interventions at 28 weeks. Phentermine 15 mg plus extended-release topiramate 92 mg resulted in significantly greater weight loss compared with lifestyle interventions alone. Furthermore, this study showed a correlation between improvements in AHI and weight loss and suggests that phentermine 15 mg plus extended-release topiramate 92 mg combined with lifestyle interventions may be useful as a primary treatment for OSA in patients who are unable to use PAP therapy. Future studies are needed to demonstrate the full potential of this therapy. Data are LS mean (95% CI or standard error). P values calculated using LS means. The BOCF analysis was calculated using comparisons obtained from ANCOVA with treatment as a fixed effect and baseline weight as a covariate; imputation via BOCF for subjects without Week 28 value, intent-to-treat population. The study completers analysis is of all subjects completing 28 weeks of treatment, intent-to-treat population. The MI analysis was calculated using multiple imputation with regression method to impute missing data. AHI, apnea-hypopnea index; ANCOVA, analysis of covariance; bpm, beats per minute; BOCF, baseline observation carried forward; CI, confidence interval; ESS, Epworth Daytime Sleepiness Scale; HDL, high-density lipoprotein; HOMA-IR, homeostasis model of assessment-insulin resistance; LDL, low-density lipoprotein; LS, least squares; MI, multiple imputation; PSQI, Pittsburgh Sleep Quality Index; RDI, respiratory disturbance index; SE, standard error; SF-36, 36-item Short-Form Health Survey. Data are LS mean (95% CI or standard error). P values calculated using LS means. The BOCF analysis was calculated using comparisons obtained from ANCOVA with treatment as a fixed effect and baseline weight as a covariate; imputation via BOCF for subjects without Week 28 value, intent-to-treat population. The study completers analysis is of all subjects completing 28 weeks of treatment, intent-to-treat population. The MI analysis was calculated using multiple imputation with regression method to impute missing data. AHI, apnea-hypopnea index; ANCOVA, analysis of covariance; bpm, beats per minute; BOCF, baseline observation carried forward; CI, confidence interval; ESS, Epworth Daytime Sleepiness Scale; HDL, high-density lipoprotein; HOMA-IR, homeostasis model of assessment-insulin resistance; LDL, low-density lipoprotein; LS, least squares; MI, multiple imputation; PSQI, Pittsburgh Sleep Quality Index; RDI, respiratory disturbance index; SE, standard error; SF-36, 36-item Short-Form Health Survey. 
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